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A structure to reduce the likelihood of flashover in a parallel plate electron beam array is disclosed. The structure may comprise a 
means for generating a low intensity electric field in the vicinity of a spacer (200) separating the paraj^i plates of the array (100), and 
the anode (300). The presence of the electric field in the vicinity of the spacer is not cjmdu ei v e tu H ie t ax urrehec of a surface supported 
flashover on the gates and emitters. The electric field means may be provided by ^"conductive coating (240) ojk one or more surfaces of 
the spacer. Alternatively, the electric field means may be provided by a >~""g ™ ■» g»nM ring Irf^M within the array in the 

vicinity of the spacer. Methods of making the structure are also disclosed. 
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to the control of flashover, however, the provision of such insulator layers does not 
completely solve the flashover problem, and also cannot be provided at zero cost. 

In still another approach, which is particularly applicable to large screen FED's, 
Nakayama et al disclose an FED having a cathode panel and a back panel with space 
therebetween in U. S. Patent No. 5,223.766, Nakayama et al (June 29, 1 993) for an Image 
Display Device with Cathode Panel and Gas Absorbing Getters. In Nakayama, through 
holes may be provided in the cathode panel, and the space between the cathode and back 
panels may be used for containing getters. The inventors in Nakayama state that it is an 
object of the invention to provide a display device capable of containing a sufficient 
amount of getter for maintaining a required pressure, wherein the image quality can be 
maintained at the center of a display screen so that a superior image quality is attainable, 
even on a large-sized screen. Therefore, in Nakayama, additional getter is provided in 
the FED so that the pressure within the FED may be higher than it would otherwise have 
to be to minimize flashover. The increased residual gas pressure, that is acceptable to 
Nakayama et al., may result in unacceptable levels of flashover despite the additional 
getter material used. 

The problems associated with sidewall induced flashovers, discussed above, may 
also arise in the interior portions of large sized screen FED's when low internal device 
pressure is maintained. Internal spacers are commonly used to maintain low (vacuum) 
pressure within an FED. Internal spacers prevent the FED screen from bowing inward 
as a result of the vacuum conditions of the FED interior. While the spacers beneficially 
keep the screen from bowing or breaking, the spacers also provide a surface linking the 
gate and anode which can facilitate flashovers. 

Accordingly, there is a need for new methods and apparatus for reducing the 
occurrence of flashover, without reducing the level of anode voltages. There is also a 
need for methods and apparatus for reducing the magnitude of damage suffered from the 
occurrence of flashovers during the initial bum-in and operation of the device. There is 
a particular need for a device which does not support surface flashovers along the interior 
surfaces and/or internal spacers of the device. The present invention meets this need, and 
provides other benefits as well. 
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Objects of the Invention 

It is therefore an object of the present invention to provide methods and apparatus 
for reducing the occurrence of flashovers in parallel plate electron beam arrays. 

It is another object of the present invention to provide methods and apparatus for 
reducing the amount of damage suffered from the occurrence of flashovers in parallel 
plate electron beam arrays. 

It is a further object of the present invention to provide methods and apparatus for 
reducing the occurrence of flashovers which are supported by spacers in parallel plate 
electron beam arrays. 

It is yet another object of the present invention to provide a means for providing 
a low intensity electric field in the vicinity of a spacer in a parallel plate electron beam 
array. 

It is still yet another object of the present invention to provide methods and 
apparatus for increasing anode voltages in a parallel plate electron beam array without 
increasing the occurrence of flashovers in the array. 

It is still a further object of the present invention to provide methods and 
apparatus for reducing the occurrence of flashovers in parallel plate electron beam arrays 
by absorbing residual gas therein. 

Additional objects and advantages of the invention are set forth, in part, in the 
description which follows and, in part, will be apparent to one of ordinary skill in the art 
from the description and/or from the practice of the invention. 

Summary of the Invention 

In response to the foregoing challenge, Applicants have developed an innovative, 
economical electron beam array device comprising: a lower plate and an upper plate 
connected along an outer perimeter by a continuous spacer structure; and means for 
providing a low intensity electric field region along at least one surface of said spacer 
structure. 

Applicants have also developed an innovative and economical method of making 
an electron beam array device comprising the steps of: providing a lower plate, an upper 
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plate, and a glass plate; removing a selective portion of said glass plate to form a glass 
frame; providing a conductive coating on a surface of said glass frame; and sealing said 
glass frame between said lower plate and said upper plate. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory only, and are not restrictive 
of the invention as claimed. The accompanying drawings, which are incorporated herein 
by reference, and which constitute a part of this specification, illustrate certain 
embodiments of the invention, and together with the detailed description serve to explain 
the principles of the present invention. 

Brief Description of the Drawings 

Fig. 1 is a cross-sectional view in elevation of a known type of electron beam 
array device. 

Fig. 2 is a cross-sectional view in elevation of the edge region of a first electron 
beam array embodiment of the invention. 

Figs. 3 A, 3B, and 3C are alternative embodiments of the spacer structure shown 
in Fig. 2. 

Fig. 4 is a plan view of an exemplary insulator frame employed in the invention. 

Fig. 5 is a cross-sectional view in elevation of the edge region of a s.. . . ' 
electron beam array embodiment of the invention. 

Fig. 6 is a combined cross-sectional view in elevation and pictorial view of the 
device shown in Fig. 5. 

Fig. 7 is a cross-sectional view in elevation of a third electron beam array 
emrjodiment of the invention. 

Fig 8 is a cross-sectional view in elevation of a fourth electron beam array 
embodiment of the invention. 

Detailed Description of the Preferred Embodiments 

Reference will now be made in detail to a preferred embodiment of the present 
invention, an example of which is illustrated in the accompanying drawings. A preferred 
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embodiment of the present invention is shown in Fig. 2 as the edge portion of device 20. 
Device 20 may be any parallel plate electron beam array, including a field emitter 
display. 

Device 20 comprises a lower plate 100, an upper plate 300, and a spacer structure 
200. The spacer structure 200 includes a means for providing a low intensity electric 
field 205 along at least one surface of the spacer structure. The electric field means 205 
may comprise a conductive coating 240, of material such as chromium, nickel, gold, 
silver platinum, chromium oxide, amorphous diamond, or diamond like films on a 
surface of an insulator frame or ring 210. The presence of the conductive coating 240 
may generate a low intensity electric field in the vicinity of the insulator frame 210. This 
electric field region does not readily support an electron flashover over the surface of the 
insulator frame 210. When the conductive coating is maintained at a certain potential 
(typically zero) there exists a field between the anode 320 and the conductive coating 
240. As described earlier, the residual gas molecules released as a result of electron 
bombardment of phosphor will immediately tend to flow towards the perimeter of the 
device. Before the equilibrium pressure is reached, there is likelihood of the build-up of 
local pressure at the regions of the sidewall (i.e., spacer and frit). In the absence of the 
coating 240, the electric field existing between the anode 320 and one of the elements of 
plate 100 will cause a gas discharge breakdown flashover) if the pressure and the spacing 
between the anode and one of the elements of plate 100, are appropriate for a pachen 
breakdown criterion. This breakdown will ruin the gate and emitter elements of plate 
100. This destructive flashover can be prevented if there is an electric field between 
anode and conductive coating 240. This field will take over the breakdown of the gas and 
thus prevent the flashover on the vital elements of plate 100. The coating 240 and its 
potential close to zero acts similar to the "lightning arrester" of a building. 

In a preferred embodiment of the invention, device 2(Tmay be constructed Tn the 
following manner. The insulator frame 210 (or guard ring 250 in Fig. 5 discussed below) 
may first be formed from a sheet of insulative material, such as glass. The frame 210 
may be formed by trimming the glass sheet so that the outer dimension of the glass sheet 
is approximately the same as the outer dimension of the upper plate 300. With reference 
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forming sidewall ridges to support the corrugated structure by etching or molding. 
Alternatively, a similarly profiled structure could be formed by stacking alternating layers 
of insulators and conductors (e.g. glass for insulators and nickel foil for conductors). 

Following the deposit of the conductive coating 240 on the frame 210, a layer of 
insulative sealing material 230, such as frit glass, a ceramic frit, or a meltable glass rod, 
may be applied to the lower plate 100. The frit glass 230 protects and insulates the 
conductor element 120 from contact with the conductive coating 240. The frit glass 230 
also seals the frame 210 to the lower plate 100. Next, a layer of insulating sealing 
material 220 may be applied to the upper surface of the frame 210, or the lower surface 
of the upper plate 310, and the upper plate-spacer structure-lower plate sandwich may be 
pressed together to form the device 20. The completed device 20 is sealed along its 
periphery such that the interior of the device may be evacuated and maintained in 
vacuum. 

In a preferred embodiment of the invention, one or more of the foregoing steps 
may be carried out in an evacuated chamber, or in an inert atmosphere. By constructing 
the device 20 in a vacuum or inert atmosphere, the oxidation of the conductive coating 
240 may be reduced, thereby enhancing the electric field generating capability of the 
conductive coating. 

With reference to Fig. 5, in which like reference numerals refer to like elements 
shown in the other figures, an alternative embodiment of the invention is shown. In the 
embodiment shown in Fig. 5 the electric field means 205 may not be provided by an 
insulator frame with a conductive coating. Instead, the electric field means 205 may be 
provided by an insulating guard ring 250 having a conductive coating 260. The 
insulating guard ring 250 and conductive coating 260 may be constructed in accordance 
with the foregoing explanation of the construction of the insulator frame 210 and the 
conductive coating 240. 

After the conductive coating 260 is deposited on the guard ring 250, the guard 
ring may be connected to the lower plate 100 with a layer of insulative sealing material 
230. The conductive coating 260 may be provided with a conductive tab 270 which 
connects the coating 260 with an externally applied electric potential. In the same 
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manner, with reference to Fig. 2, the conductive coating 240 on the spacer may be 
provided with a conductive tab 245 connecting the coating 260 to an electric potential. 


The guard ring 250 may have an outer dimension which is smaller than that of the 
insulator frame 210. Thus, in order to connect both the guard ring 250 and the insulator 
frame 210 to the lower plate 100 with the sealing material 230, the sealing material must 
extend into the interior of the device 20 sufficiently that it is wide enough to 
accommodate both the insulator frame and the guard ring. 

With continued reference to Fig. 5, the guard ring 250 with the conductive coating 
260 provides a low intensity electric field in the vicinity of the edge portion of the device 
20. The presence of this electric field reduces the likelihood of the occurrence of 
flashovers in the edge portion of the device. Fig. 6, in which like numerals refer to like 
elements shown in the other figures, shows a combined cross-sectional and pictorial view 
of the device 20 of Fig. 5. 

A third electron beam array embodiment of invention is shown in Fig. 7, in which 
like reference numerals refer to like elements shown in the other figures. The 
embodiment of Fig. 7 modifies the previously described embodiments of the invention 
by adding a space 410 below the lower plate 100 for the placement of getter material. 

In Fig. 7, the lower plate 100 is sealed to a back plate 400 along the outer 
periphery of the lower and back plates. The lower plate 100 and back plate 400 may be 
sealed with a spacer structure 500 which is similar in design to the above described 
spacer structure 200. The lower plate 100 is sealed to the back plate 400 such that a 
space 410 is formed between the two plates. The seal between the plates may have 
sufficient integrity to permit a vacuum to be maintained in the space 410. 

The undersurface of the lower plate may be coated with a layer of getter material 
140. The upper surface of the back plate 400 may also be coated with a layer of getter 
material 420. The lower plate 100 may be provided with one or more through holes 130 
which facilitate the migration of gas molecules between the space above the lower plate 
100 and the space 410 below the lower plate 100. In this manner, gas molecules 
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outgassed in the space above the lower plate 100 may migrate to and be captured by the 
layers of getter material 140 and 420. 

The back plate 400 may be constructed of glass or another suitable support 
material. The back plate 400 may be sufficiently thick as to bear much, if not all, of the 
ambient pressure on the bottom of the device resulting from the interior of the device 20 
being a vacuum. The upper plate 310 may also be sufficiently thick as to bear much, if 
not all, of the ambient pressure on the top of the device 20. In order for the upper plate 
310 to bear all of the pressure on the top of the device 20, the upper plate 310 should be 
dimensioned such that the spacer structure 200 is substantially directly overlying the 
spacer structure 500. In this manner the lower plate 100 may be shielded from having to 
bear significant pressure forces, and accordingly may be made of thinner material than 
it otherwise might. With the use of a thick upper plate 310 and a thick back plate 400, 
large screen (25 to 40 inch diagonal) devices 20 may be constructed without the use of 
internal spacers in the devices. 

A fourth electron beam aiTay embodiment of invention is shown in Fig. 8, in 
which like reference numerals refer to like elements shown in the other figures. The 
embodiment shown in Fig. 8 is similar to that of Fig. 7, with the exception of the addition 
of a cover plate 600 and a thinner upper plate 310. In the Fig. 8 embodiment, a thick 
cover plate 600 of glass or other suitable material may be used to bear much, if not all, 
of the pressure on the top of the device 20. The cover plate 600 may be sealed to the 
upper plate 310 about the respective peripheries of the plates with a spacer structure 500. 
The upper plate 310 may be thinner than it otherwise might be because it is not required 
to withstand much, if any, of the pressure on the top or bottom of the device 20. The 
upper plate 310 may be provided with one or more through holes 330 which permit 
equalization of the vacuum condition in the interior spaces above and below the upper 
plate 310. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in the construction, configuration, and/or operation of the present 
invention without departing from the scope or spirit of the invention. For example, in the 
embodiments mentioned above, various changes may be made to the sealing materials 
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used to connect the insulator frame with the upper and lower plates of the device. 
Further, changes may be made to the order in which the upper and lower plates are sealed 
to the insulator frame, and to which of the elements (the frame or the plates) the sealing 
means is first applied. Changes may also be made to the shape, size, and wall width of 
the insulator frame (or guard ring) without departing from the scope or spirit of the 
invention. Further, it may be appropriate to make additional modifications or changes 
to the location of the conductive coating on the insulator frame in order to vary the effect 
and strength of the electric field means on a device by device basis. Thus, it is intended 
that the present invention cover the modifications and variations of the invention 
provided they come within the scope of the appended claims and their equivalents. 
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WE CLAIM: 


1. An electron beam array device comprising: 

a lower plate and an upper plate connected along an outer perimeter by a 
continuous spacer structure; and 

means for providing a low intensity electric field region along at least one surface 
of said spacer structure. 

2. The device of Claim 1 wherein said electric field means comprises a coating 
of conductive material on a surface of said spacer structure. 

3 . The device of Claim 1 wherein said coating comprises a material selected from 
the group consisting of: chromium, nickel, gold, silver, platinum, chromium oxide, 
amorphous diamond, or diamond like films, 

4. The device of Claim 1 wherein said spacer structure comprises an insulator 
frame and said electric field means is provided on an outer surface of said insulator 
frame. 

5. The device of Claim 4 wherein said insulator frame comprises a material 
selected from the group consisting of: glass and ceramic. 

6. The device of Claim 1 wherein said spacer structure comprises an insulator 
frame and a guard ring within said insulator frame, and wherein said electric field means 
is provided on an outer surface of said guard ring. 

7. The device of Claim 6 wherein said guard ring comprises a material selected 
from the group consisting of: glass and ceramic. 

8. The device of Claim 1 wherein said low intensity electric field has an intensity 
in the range of lOOV/mm to 10,000V/mm. 

9. The device of Claim 1 further comprising a back plate connected to the lower 
plate along an outer perimeter of an under surface of the lower plate, said back plate 
having a through hole therein providing communication between a space above the lower 
plate and a space below the lower plate; 

wherein a layer of getter material is provided in said space below said lower plate. 
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1 0. The device of Claim 9 wherein said layer of getter material is provided on the 
undersurface of the lower plate. 

1 1 . The device of Claim 9 wherein said layer of getter material is provided on an 
upper surface of the back plate. 

12. The device of Claim 9 further comprising a cover plate connected to uV 
upper plate along an outer perimeter of an upper surface of the upper plate, said supper 
plate having a through hole therein providing communication between a space above the 
upper plate and a space below the upper plate. 

13. The device of Claim 12 wherein said back plate and said cover plate are 
sufficiently thick as to bear much of the ambient pressure on the top and bottom of the 
device. 

14. In an electron beam array device having a lower plate and an upper plate 
connected about outer regions thereof by a spacer structure, the improvement comprising: 

a coating of conductive material provided on a portion of said spacer structure, 
said coating providing an electric field region which reduces the likelihood of a spacer 
structure supported flashover between the upper and lower plates, 

15. A field emitter display comprising: 

an upper plate having an anode associated therewith; 

a lower plate having an array of field emitters and gates associated therewith; 

a spacer structure sealing said upper plate to said lower plate along outer 
perimeters thereof, said spacer structure comprising a insulator frame, a conductive 
coating on an upper surface of said insulator frame, an upper glass frit connecting said 
insulator frame to said upper plate, and a lower glass frit connecting said insulator frame 
to said lower plate. 

1 6. The field emitter display of Claim 1 5 further comprising a conductive coating 
on a side surface of said insulator frame and means to externally apply electric potential 
to the said conductive coating. 

17. The field emitter display of Claim 15 wherein said conductive coating has 
thickness is in the range of 30 nanometer to 25 microns. 
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18. The field emitter display of Claim 15 wherein said conductive coating 
comprises a pointed feature extending from said coating. 

19. The field emitter display of Claim 1 5 further comprising a back plate sealed 
to and spaced from an under surface of said lower plate, said back plate having an 
opening therethrough connecting spaces above and below said lower plate : 

means for absorbing residual gas in said display, said means for absorbing being 
provided in the space below said lower plate. 

20. The field emitter display of Claim 1 9 further comprising a cover plate sealed 
to and spaced from an upper surface of said upper plate, wherein said cover plate and said 
back plate comprise means for insulating said upper plate and lower plate from 
application of ambient air pressure on the upper and lower surfaces. 

21. A field emitter display comprising: 

an upper plate having an anode associated therewith; 

a lower plate having an array of field emitters and gates associated therewith; 
a spacer structure sealing said upper plate to said lower plate along outer 
perimeters thereof, said spacer structure comprising: 
a insulator frame; 

an upper glass frit connecting said insulator frame to said upper plate; 
a lower glass frit connecting said insulator frame to said lower plate and 
having an extension extending into an interior region of said display; 

a guard ring provided on said lower glass frit extension; and 
means for providing a low intensity electric field on said guard ring. 

22. The field emitter display of Claim 21 wherein said electric field means 
comprises a conductive coating on a surface of said guard ring and means for externa!! v 
applying electric potential to the said conductive coating. 

23. The field emitter display of Claim 22 wherein said conductive coating 
comprises a coating of chromium in the range of 1 000 to 2000 angstroms thick. 

24. A method of making an electron beam array device comprising the steps of: 
providing a lower plate, an upper plate, and a glass frame; 

providing a conductive coating on a surface of said glass frame; and 
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sealing said glass frame between said lower plate and said upper plate. 

25. The method of Claim 24 wherein the step of providing a conductive coating 
comprises the step of sputter coating a thin coating of material selected from the group 
consisting of: chromium, nickel, silver, gold, chromium oxide, amorphous diamond, or 
diamond like films. 
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